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RILIS on-line operation in 2016
130 days	of	RILIS	operation	(mostly	24-hr)

22 separate	RILIS	runs

14 different	elements

3 RILIS	physics	runs	
(RILIS	as	a	spectroscopy	 tool	during	 ion	beam	production)

100	%	record	for	on-time	setup	of	RILIS

1	laser	failure	which	required	a	factory	repair
(it	did	not	adversely	affect	operation)	

>75	%	of	ISOLDE	physics



RILIS team in 2016

Tom Day Goodacre
MC Fellow (LA3NET) 
Final year CERN PhD student 
Manchester University

+ 7.5 person-months PNPI support

Valentin Fedosseev
Section Leader 
EN-STI-LP

Pierre Larmonier
CERN VIA trainee

Katerina Chrysalidis
Doctoral student  
(Oct 16 onwards) 
Univ. Mainz 

Christoph Seiffert
COFUND Fellow 
CERN

Sebastian Rothe
Previous COFUND Fellow 
Visiting Scientist 
Gothenburg / Manchester

Bruce Marsh
Staff Member 
EN-STI-LP

Julia Sundberg
Curriculum Vitae

Address: Markurellgatan 28, 42252 Hisings Backa, Sweden
Mobile Phone: +46707258851
Date of birth: January 3 1991
Email: gussundju@student.gu.se

Education

• Master of Science in Physics at University of Gothenburg, September 2014 - June 2016. Cur-
rent education, will graduate in the Spring of 2014.
Thus far this education has given me deeper knowledge in modern and classical physics and I have
become more familiar with laboratory work and data analysis.

• Bachelor of Science in Physics at University of Gothenburg, September 2011 - June 2014.
This education has given me ability to work individually and in groups, analytical and computational
competence, presentation skills, and substantial knowledge in classical as well as modern physics.
Title of Bachelor thesis: ”LHC, The Higgs particle and physics beyond the Standard Model”.

• Bachelor Programme in Computer Aided Measurements in Physics. Part time programme
started in September 2013, current education.
This education has given me programming skills in several languages and deeper and also knowledge
about electronics and different measurement techniques.

• Introduction to Natural Sciences at University of Gothenburg , September 2010 - May 2011.
Thorough high level introduction to physics, mathematics, chemistry and biology at a university
level.

• Upper secondary school, Media and Social Studies, Munkebäcksgymnasiet, 2006-2009.

Courses and Certificates

• National Instruments Certified LabVIEW Associate Developer, since June 30 2014.

• Summer project involving the building of an interferometer and an accompanying LabVIEW-
program at the University of Freiburg, Germany, in collaboration with the University of
Gothenburg, Summer of 2013.

• Course in C programming, covering the language and LabWindows CVI, University of
Gothenburg, Fall of 2013.

• Course in C++ programming, University of Skövde, Summer of 2014.

• C#, curriculum includes basic object-oriented programming and Visual Studio.

• Measurement and Control using PCs and LabVIEW, Spring of 2014.

• My Bachelor thesis included using Mathematica (FeynRules), MadGraph 5, MadAnalysis 5
and ROOT, Spring of 2014.

• Certificate in Advanced English (CAE).

Julia Sundberg
CERN PhD student 
Univ. Gothenburg

October onwards

72 person-months



RILIS team in 2017
Valentin Fedosseev
Section Leader 
EN-STI-LP

Pierre Larmonier
CERN VIA trainee

Katerina Chrysalidis
Doctoral student  
Univ. Mainz 

Bruce Marsh
Staff Member 
EN-STI-LP

We have lost 3 people 
with a combined RILIS 

experience of 14 years   



RILIS team in 2017

+ 8 person-months PNPI support

Valentin Fedosseev
Section Leader 
EN-STI-LP

Pierre Larmonier
CERN VIA trainee

Katerina Chrysalidis
Doctoral student  
Univ. Mainz 

Bruce Marsh
Staff Member 
EN-STI-LP

Camilo Buitrago
CERN Fellow 
April 2017 onwards

Fellow #2
CERN Fellow 
Late summer ?

Student #2
Externally funded 
Mid-late summer

59 person-months

• Extended RILIS setup time
• Reduced on-call support (no backup)



Accessible elements

1+, 2+

New Schemes tested  at ISOLDE in 2014/15

Achieved in 2016: Eu, Te efficiency, alternative Bi scheme, Ra, Fe, Mo
Aim for 2017: Er, Si, Se, Lu, Zn (to improve RILIS setup)



RILIS hardware consolidation and upgrades

• RILIS dye pump laser replacement in 2017 
• Spare BLAZE laser in 2017 (delivery March) 
• 2 new TiSa cavities delivered 
• Pulse amplified CW lasers for PI-LIST 
• Test picosecond laser for molecular breakup

• ~275 kCHF required to equip RILIS @ offline-2  
• Offline-2 can also be considered a RILIS@MEDICIS test bench 

ONLINE

OFFLINE (+ MEDICIS)
Author: Tobias Kron – 2017 | Mainz University 2

New Ti:sapphire Lasers

Next iteration of Ti:sapphire lasers

• Maximized compatibility to existing laser design

• Design allows usage of Thorlabs VM1/M and
Lioptec mounts

Major design improvements
• Smaller footprint of laser

• Optimized positioning of optical components and allowing very flexible positioning

• Improved, more compact Bifi mount with more travel

• Better IC-SHG setupÆ less etalon effects, higher stability, can be combined with
Pockels cell and dual etalon setup

• Convenient alignment system

• And many, many small improvements (see changelog on last slide)
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New Ti:sapphire Lasers

Next iteration of Ti:sapphire lasers

• Maximized compatibility to existing laser design

• Design allows usage of Thorlabs VM1/M and
Lioptec mounts

Major design improvements
• Smaller footprint of laser

• Optimized positioning of optical components and allowing very flexible positioning

• Improved, more compact Bifi mount with more travel

• Better IC-SHG setupÆ less etalon effects, higher stability, can be combined with
Pockels cell and dual etalon setup

• Convenient alignment system

• And many, many small improvements (see changelog on last slide)

Consolidation budget from EN-Dept:  
280 kCHF available now



LOI 1 - Mo(CO)6 - Molecular breakup + ionisation 

GND          + 30-60 kV 

M ionization scheme

M (CO)x molecules

          + 30-60 kV 
          + ~10 V pulses

laser-induced 
M (CO)x break-up 

followed by

T < 200 C

2) Dissociation by laser pulse
1) Creation and transport of volatile molecules of refractory metals

3) Resonance ionisation before atom/wall collision

Mo

379	nm

415	nm

532	nm



LOI 2: 2-photon spectroscopy
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Figure 2: Example of resonance ionization schemes proposed for the study of silicon. The
two-photon excitation schemes studied in [28] are shown on the left.

ion source, or at the back of the transfer line. O↵-line tests would be necessary to study
the contamination, mirror position and target/ion-source-assembly.

In addition to providing new means for high-resolution laser spectroscopy studies, the develop-
ment of in-source two-photon excitation opens up several opportunities for ion beam production
at ISOLDE. Atoms with high lying first excited states are at the moment not accessible with
single photon excitation. The two-photon excitation and subsequent resonance ionization would
open up the possibility to ionize a great variety of elements that are so far not accessible in
standard RILIS operation. One of these elements would be e.g. radon, which has a first excited
state reachable with about 183 nm [29].

4 High-resolution collinear laser spectroscopy

The ground-state properties can be obtained from measurements of the hyperfine structure
(hfs) and isotope shifts on the Si I atomic system by using collinear laser spectroscopy.
Several ionization paths are also accessible from the mestastable state, as shown in Figure 2.
Therefore, collinear resonance ionization o↵ers a suitable method to explore the exotic silicon
isotopes. At CRIS, the atoms overlap with a laser beam in a collinear geometry along a UHV
interaction region (1.2 m) to step-wise excite and ionize the atomic state Si I into a Si II state.
The resonantly-ionized ions are then separated from the atoms via electrostatic deflector plates,
and finally detected by an MCP particle detector.
The transition of interest for quantum information studies 3s2 3p2 3P2 ! 3s 3p3 3D0

3 has been
previously studied on stable isotopes [22]. Collinear laser spectroscopy o↵ers a unique method
to provide high-resolution hyperfine structure values of this transition in 31Si.
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HIGH RESOLUTION
HIGH SELECTIVITY

RILIS cavity development directions
HC-RILIS HC-LIST VADLIS

HRC-RILIS HC-short-LIST

ToF-LIS

2-photon  
HC-RILIS PI-LIST

A-VADLIS

+ Adjustable extractor

2-photon VADLIS

High resistance cavity
Pulsed line heating

Short LIST
‘DC-offset’ LIST mode

Inverted-LINE LIST

Inverted-LINE LIST

LWF-VADLIS

RILIS for M(CO)x breakup + ionization



Setting development priorities

Feasibility Usefulness

Resources

×
=

Feasibility

Usefulness

Resources

?

How likely it is to work as intended and withstand ISOLDE conditions?

How much benefit does it bring compared to existing options?

What are the financial, time, manpower and equipment costs?

Suggestion: apply a 1-10 rating to each of these:

× 0.5



Hot-Cavity RILIS

• Simple, robust, reliable 
• Long standing problem with surface-ionised isobars 
• Ion capacity limit in the range of 100 - 200 nA



High Selectivity RILIS — LIST

• 2-5 orders of magnitude surface ion suppression in LIST mode 
• Efficiency loss factor of ~20 
• Currently only compatible with GPS 



High Selectivity RILIS #1  — Short LIST

• New size enables compatibility with quartz line for extra selectivity 
• No additional efficiency loss factor 
• Accepted proposal for Tl, Po 
• Quartz line suppression of Fr, Ra and transmission of Tl, Po unknown

8 7

1.5

×
= 37



High Selectivity RILIS #2  — HR Cavity

• Factor of ~10 surface ion suppression by beam gating 
• Negligible efficiency loss?  
• Possible improvement in hot cavity ion capacity??

7 9

2.5

×
= 25



High Selectivity RILIS #3  — ToF-LIS

• LIST provides transverse confinement along ‘drift’ region 
• Hot-cavity (ion-guide) and standard LIST mode still available

6 9

3

×
= 18



High Resolution RILIS #1  — Hot Cavity, 2P

FWHM=72.8MHz
Outer	peaks	68	MHz	apart,	but	2à1	
transition	weakest	one,	 so	more	likely	
width	is	around	<52	MHz	(2à2	also	weak	
compared	to	2à3,4)

• Simple, robust, no additional cold spots 
• Compatible with normal RILIS / surface 

ion source operation 
• Requires pulsed amplified CW laser 
• LOI for Si being considered this week 
• Feasibility demonstrated at Mainz / 

LARISSA 
• PhD topic of Katerina Chrysalidis

9 9

1

×
= 81



High Resolution RILIS #2  — PI-LIST

• 100-200x efficiency loss due to poor laser/atom 
overlap 

• 3-5 orders-of-magnitude SI suppression 
• ~100 MHz resolution even without Doppler-free 2 

photon excitation 
• Extra complexity compared to HC-RILIS only 
• Requires pulsed amplified CW laser 
• Feasibility demonstrated at Mainz / LARISSA 
• PhD topic of Reinhard Heinke and Katerina 

Chrysalidis (2-photon)

9 6

3.5

×
= 15



Spare slides



VADLIS with adjustable extraction voltage

GND

CATHODE (LINE)
~ 330 A
T ~ 2000 C

VANODE , IANODE

Magnet: 
0 - 300 Gauss 

VGRID ,  IGRID VEXTRACTION
IEXTRACTION

+30 - 60 kV

Maintain extraction potential during RILIS-Mode operation: VEXTRACTION = -100 V  
Improved ion source diagnostics : separate current measurements for each component

Somewhat decouple electron current, energy and ion extraction : more knobs to turn 



2-photon spectroscopy @ LARISSA

Mo	Mirror
Ø2.2mm

Ta	Line
Ø2.5mm

Stainless steelmirrors,	gold	sputtered

Surface	ion	repeller	(LIST	mode)/
Ion	Extractor	(IG	mode)

Extractor	(set	to	19.5kV)

Quick Info

Mainz Ti:Sapphire Lasers

Author: Tobias Kron



Sigradur — a RECAP
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Figure 1: Results from the thin-walled graphite and µ-gating. a) Time-of flight spectrum for thin-walled graphite and tantalum ionizer cavity. b) Mass spectrum
with and without 10 µs beam-gate, synchronized with the 10 kHz laser pulse, obtained with the thin-walled graphite cavity.
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Figure 2: Drawing of the suspension mount for fragile carbon cavities. All
parts but the hot cavity tube are made from graphite. A cylindrical connector
for the mass-marker capillary (not shown) can be inserted into the compression
screw.

Surface Temperature [°C]

Figure 3: Result of the electro-thermal simulation of the ion source mount for
carbon cavities using Comsol 5.1.
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Figure 4: Results from the stress-test for graphite and Sigradur cavities.
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